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Penetrating Chest Trauma from a Crossbow Injury
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Background Crossbow injuries are rarely reported in the trauma literature. However, the morbidity and mortality 
associated with these injuries remains significant. It is imperative to discuss the resuscitation and 
surgical management of these patients. We present the case of a patient who survived a crossbow 
injury to the chest that resulted in a T3 spinal cord injury. This report focuses on the steps of his 
initial presentation and operative management. A literature review of this unusual type of penetrating 
trauma is also presented.

Summary A 51-year-old man was transported by EMS to a Level I trauma center following an assault from 
a crossbow arrow to his anterior chest. He was in hemorrhagic shock on arrival to the Emergency 
Department. Massive transfusion protocol was initiated. On the primary trauma survey, the patient 
had evidence of bilateral paralysis in his lower extremities. He was taken emergently to the operating 
room, for a right thoracotomy, right upper lobe resection, and removal of the arrow from the thoracic 
spinal cord. Throughout the post-operative recovery period, the patient still had significant residual 
paralysis. The patient was discharged to inpatient rehabilitation 11 days after initial presentation. At 
seven-month follow-up after hospital discharge, the patient still had complete paralysis below the level 
of T3.

Conclusion This case report describes a transthoracic crossbow injury resulting in spinal cord injury. Operative 
management, namely utilizing the foreign body’s capacity to tamponade as the surgical team worked 
to achieve hemostasis, is at the crux of the success of this patient’s operation. To our knowledge, this is 
the first case in the literature in which an arrow penetrated through the thoracic spine with resultant 
paraplegia in the surviving patient.
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Case Description
In the modern era of trauma surgery, penetrating trauma 
due to crossbow injuries is uncommon. Nevertheless, these 
rare events are technically demanding for trauma surgeons. 
The associated morbidity and mortality is high due to the 
severe nature of the injury. In this case report, we report 
the unusual case of a patient surviving a penetrating trans-
thoracic crossbow arrow injury traversing the spinal cord, 
with an emphasis on the immediate resuscitation and crit-
ical intraoperative steps. The unusual nature of this type of 
injury, including the arrow traversing the anterior chest to 
the thoracic vertebral column to yield a spinal cord inju-
ry, resulted in an operative challenge. The management of 
this patient by collaborating trauma surgeons and neuro-
surgeons, in an unconventional case to both subspecial-
ties, highlights innovative hemostatic techniques. We also 
identified eleven case reports in the literature of survived 
injuries from crossbows to the midsection.

A 51-year-old man was found unresponsive on a street in a 
major urban city with an initial GCS of 3. He was covered 
in blood and had a broken arrow lying next to him. He 
had an obvious penetrating wound to his right anterior 
chest,. The wound was shaped similar to an arrowhead but 
no object was protruding from his chest. He was trans-
ported by pre-hospital medical providers to the Emergency 
Department (ED) of the Level 1 trauma center. His GCS 
improved en route to 12 but he remained hypotensive.

On arrival to the ED, the patient had absent right-sided 
breath sounds and was hypotensive. Urgent needle decom-
pression was performed followed by  placement of a 28 
French chest tube with evacuation of 550 mL blood. Mas-
sive transfusion protocols were initiated. Primary trauma 
survey was significant for bilateral lower extremity paraly-
sis. In addition to the penetrating wound to his right ante-
rior chest, he also had a palpable foreign body in the sub-
cutaneous tissue posteriorly in his left upper back near his 
spinal cord. Chest x-ray was significant for metallic foreign 
bodies near the aortic arch and a widened mediastinum 
(Figure 1). Focused assessment with sonography for trau-
ma (FAST) exam was negative for cardiac tamponade. The 
patient continued to remain hypotensive and was taken 
emergently to the operating room for an open right tho-
racotomy.

The operative approach was initially an anterior lateral 
thoracotomy at the fifth intercostal space. Approximately 
1 L of hematoma with blood clots were evacuated from the 
chest. There was obvious active bleeding from the upper 
lobe of the right lung, which was trapped to the posterior 
chest wall by the arrow shaft. This area of lung was divided 
in order to remove it from the arrow shaft and the damaged 
segment was removed as a wedge using a GIA stapler. The 
arrow was then visualized penetrating the vertebral column 
just superior to the arch of the azygos vein. Exsanguination 
from the arrow tract was apparent, which was suture ligated 
using 4-0 prolene sutures. The chest cavity was explored, 
and no further injuries to the lungs or the great vessels 
were observed. The chest was packed for hemostasis. The 
tip of the arrow was identified laterally at the level of T4 
and penetrated across the midline to the spinal cord. Neu-
rosurgery was consulted to remove a portion of the foreign 
body traversing the spinal cord. An intra-operative lateral 
mid-thoracic x-ray revealed that the arrowhead wings were 
posterior to the spine (Figure 2). The remaining 8 cm of 
arrow shaft extending from the thoracic cavity was clipped 
at the level where it entered the vertebral column (Figure 
3) and removed from the chest cavity. A wound vacuum 
dressing was applied over the chest wound.

Figure 1. AP supine chest x-ray of a 51-year-old man upon arrival to the 
trauma bay with a penetrating arrow thoracic injury
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Due to the location of the arrowhead, a posterior approach 
was taken to remove it. The patient was positioned prone. 
The posterior wound was explored, and the arrowhead and 
residual shaft were extricated (Figure 4) with difficulty. 
There was obvious bleeding from the spinal cord where 
the arrowhead had penetrated. A midline incision at the 
level of bleeding was made, ultimately exposing significant 
bleeding from a laceration in the left lamina at T5, caused 
by the penetrating injury, which was controlled with gel 
foam packing and electrocautery. At this point, the lacer-
ation in the left lamina was irrigated, and hemostasis was 
achieved with bipolar electrocautery, and closed in layers. 
He was then positioned supine again and his right chest 
was re-inspected to ensure hemostasis was maintained at 
the injury site in the anterior portion of the vertebral col-
umn. The site was packed with hemostatic agents and lap-
arotomy pads, and the wound vacuum was reapplied. He 
was taken to the trauma ICU in critical condition. The 
patient received MTP with 1:1 PRBCs:FFP, for a total of 
25 units of PRBCs, 25 units FFP, in addition to platelets, 
cryoprecipitate, transexamic acid, and fluids.

On postoperative day 1, the patient underwent a re-ex-
ploration of the right thoracic cavity, with removal of the 
packs and wound closure. No further evidence of bleeding 
was observed intra-operatively. A post-operative CT scan 
showed a T5 vertebral body fracture and T6 superior artic-
ular facet fracture (Figure 5). MRI demonstrated partial 
transection and contusion at T5 (Figure 6). The patient 
remained in the ICU for 9 days post-operatively. He had 
continued bilateral lower extremity paralysis below level 
T4. He was subsequently discharged to inpatient neuro-
logic rehabilitation on post-operative day 11. At the time 

Figure 2. Intraoperative fluoroscopy image

Figure 4. Removed foreign body: the arrow from the crossbow in pieces

Figure 3. AP supine chest x-ray of a 51-year-old man upon arrival to the 
trauma bay with a penetrating arrow thoracic injury
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of discharge, the patient had permanent paraplegia below 
T3. The patient was seen in clinic seven months after his 
injury with no further neurologic recovery.

Discussion
Penetrating trauma from an arrow is an uncommon inju-
ry but has a high associated mortality and poses unique 
challenges in clinical management. When these incidents 
occur, this mechanism is most commonly the result from 
accidental firing or suicide attempts, while homicide 
attempts are least frequently reported in the literature 
(Table 1).1-13 In our case report, we described the case of 
a patient who survived a crossbow injury to the chest from 
a homicide attempt that resulted in a permanent spinal 
cord injury below T3.

Figure 5. CT thoracic spine without contrast: axial view

Figure 6. MRI thoracic spine without contrast, T2: sagittal view

Author Anatomic 
sections involved

Organs injured Surgical intervention Injury 
Intention

Outcome Post-operative course

Besler et al. 
(1997)1

L hemithorax, L 
mediastinum

1. Left anterior 
descending artery 
(LAD) 
2. Inter-ventricular 
septum (IVS)

1. Median sternotomy without 
opening pleura 
2. Pericardiotomy 
3. Removal of bolt from LAD 
and IVS

Suicide 
attempt

Full 
recovery

Uneventful

Chang and 
Hsee (2010)2

Thorax 1. L pleura 
2. R erector spinae 
muscle

1. L chest tube for 
hemopneumo-thorax 
2. Incision of R back to access 
erector spinae 
3. Removal of bolt via 
advancement anterior to 
posterior through the muscle

Accidental 
firing

Full 
recovery

Uneventful; LOS 3 days

Fradet et al. 
(1988)3

LUQ, L 
mediastinum, L 
hemi-thorax

1. L lobe of liver 
2. Diaphragm 
3. Posterior 
mediastinum 
4. Lower thoracic 
aorta

1. Thoraco-abdominal incision 
of L 7th intercostal space 
2. Evacuation of 1L of blood 
and clot in L chest 
3. Control of dissected aorta 
4. Aortic anastomosis with 
Gore-Tex 
4. Laparotomy for liver injuries

Accidental 
firing

Full 
recovery

Uneventful, LOS 8 days
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Hunt and 
Sodergren 
(2017)4

L thoraco-
abdominal cavity

1. Peri-cardium 
2. Diaphragm 
3. Liver 
4. Distal Pancreas 
5. L kidney

1. Midline laparotomy and 
pericardotomy 
2. Divided arrow below 
diaphragm 
3. Bolt shaft removed from 
liver 
4. Distal pancreatectomy and 
splenectomy 
5. Complete removal of foreign 
body 
6. L renorrhaphy

Suicide 
attempt

Survival Discharged POD 7 to psychiatric 
unit

Karger et al. 
(2004)5

Thoraco-
abdominal cavity

1. L upper arm 
2. Peri-cardium 
3. Thorax 
4. Stomach 
5. Liver

Unknown; surgery survival 
time 6.5 hrs

Homicide 
attempt

Death

Kennedy et al. 
(2012)6

L hemithorax 1. Pulmonary 
hilum 
2. Upper lobe of 
L lung

1. L anterolateral thoracotomy 
to control pulmonary hilum 
bleed 
2. Removal of bolt 
3. L Chest tube

Unknown Full 
recovery

Uneventful; ICU LOS 3 days, then 
discharged; follow-up 1 month with 
no complications

Koizumi et al. 
(2014)7

R anterior thorax, 
R anterior 
abdomen

1. Middle lobe of 
R lung 
2. Diaphragm 
3. Liver

1. R anterior thoracotomy in L 
lateral decubitus 
2. Partial resection of middle 
lobe 
3. Bolt removed from liver 
through abdominal incision

Suicide 
attempt

Full 
recovery

Uneventful; LOS 12 days

Kruke-meyer 
et al. (2005)8

L thoraco-
abdominal cavity

1. L lung (lobe 
unspecified) 
2. Diaphragm 
3. Liver

1. Massive transfusion 
2. Thoracotomy (type not 
noted) 
3. Laparotomy 4. B/l chest 
tubes 
5. Blood transfusion

Homicide 
attempt

Survival Complicated stay: POD 13 
extubated but continued on 
intensive respiratory therapy; POD 
14 chest tubes removed, stepped 
down from ICU status; POD 16 
discharged to outpatient aftercare

Mullan et al. 
(1991)9

L hemithorax, L 
mediastinum

1. Lower sternum 
2. Peri-cardium 
3. Anterior wall of 
right ventricle 
4. Inter-
ventricular 
septum 
5. Posterior wall of 
L ventricle 
6. Descending 
aorta

1. Femoro-femoral cannulation 
for cardiopulmonary bypass 
2. Median sternotomy 
3. Aortobicaval cannulation 
and bypass under profound 
hypothermia (10-15°C) and 
intermittent circulatory arrest 
4. Exposure of aorta through 
posterior pericardium 
5. Bolt removal 
6. Anastomosis of aorta

Suicide 
attempt

Full 
recovery

Uneventful; POD 8 patient 
discharged himself

Preiss et al. 
(2003)10

L hemithorax 1. Peri-cardium 
2. Myo-cardium 
3. Inter-ventricular 
septum (IVS)

1. Median sternotomy 
2. Pericardotomy, empty 
pericardium noted 
3. Cardiorrhaphy of 
myocardium and IVS with 
pericardial patch

Suicide 
attempt

Full 
recovery

Uneventful

Wan and 
Kefaloy-annis 
(2016)11

L hemithorax 1. L upper lobe of 
lung 
2. L lower lobe of 
lung 
3. T spine

Posterolateral thoracotomy Suicide 
attempt

Unknown Unknown

Table 1. Summary of previous studies of crossbow injuries to the midsection
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When stratified by location of the injury, transcranial or 
transorbital were the most frequent locations.8,14-26 These 
wounds present with unique concerns, including immedi-
ate concern for airway compromise,18,20,21,24,25 necessity for 
facial reconstruction,18-22,25 monitoring for significant intra-
cranial hemorrhage14-21 and neurologic injury,14,16-22,24,25 and 
were usually the result of a suicide attempt.8,13,14,16-19,22,24-2

6 Patients reported to survive crossbow injuries at a higher 
rate typically had thoracic or thoracoabdominal impale-
ment. In review of the literature, thoracic wounds remain 
largely confined to one hemithorax,2,3,6,7,8,11  some involv-
ing mediastinal or cardiac injuries,1,3,4,8,9,10 with occasion-
al abdominal involvement.3,4,7 Surprisingly, most patients 
struck with an arrow below the neck had a relatively normal 
neurologic exam, presenting with a Glasgow Coma Scale 
patient score greater than or equal to 13.1,3,5,7,8,9,11,27,28 Thus, 
spinal cord injury as a result of penetration from an arrow 
is not well-described. We identified several case reports 
that describe the arrow’s trajectory in close proximity to 
the spinal cord. A case report published by Wan et al. 
describes an arrow traversing a patient’s left hemithorax, 
damaging both the left upper and lower lobes of the lung, 
and striking the thoracic spine.11 A case report from Chang 
and Hsee described a patient with the arrow’s trajectory 
crossing midline, entering from the left supraclavicular fos-
sa and lodging in the right erector spinae muscle.2 Final-
ly, an additional case report by Kovari in which the shaft 
traversed the spinal canal, but the cord remained intact. 
The patient developed mild ataxia, which may have been 
a result of minor trauma to the spinal cord.29 However, no 
case reports reported a situation in which the patient’s spi-
nal cord was transected as a result of the injury.

The majority of previously published case reports focused 
on important features of the mechanism of an injury. 
Arrows fired from a crossbow, despite their high speed, have 
less kinetic energy than a bullet.5,6,8,12,13,15,30-34 This import-
ant distinction results in difficulty damaging bony struc-
tures,5,15,35 thereby reducing the risk of bone fragments.18 A 
bullet has the kinetic energy to fracture vertebrae and thus 
injure the spinal cord, whereas the arrow’s pathway must 
access the cord without being hindered by bony processes. 
To our knowledge, this case is the first report to detail spi-
nal cord damage from an arrow.

As such, another unique aspect of this case was the opera-
tive management involving both trauma and neurosurgical 
teams was central to minimizing the neurologic deficits in 
delivering life-saving care. Strategic management of the 
arrowhead as a tamponade as well as the shaft to facilitate 
hemostasis is critical. The operative management of the 

foreign body’s piecewise removal was an essential feature 
of this case. Some previous case reports described intra-
operative detachment of the point from the bolt, leaving 
only the arrowhead to tamponade the tissue in which it 
lodged,2,3,6,-9,27,28 in our operation, we applied this concept 
in a different manner, using the shaft to tamponade. Once 
proximal hemostasis was achieved, the shaft was divided at 
its midpoint, facilitating control of hemostasis as well as 
visualization of deeper injuries: maximizing control over 
the foreign body’s movement to minimize further damage 
is essential.2,3,6,-9,27,28  This approach enabled the trauma 
surgeons to take an anterolateral approach to the thora-
cotomy, and then the neurosurgeons to remove the arrow-
head and address the spinal and muscular wounds from 
a posterior approach. The neurosurgical team elected to 
keep the arrowhead attached to the shaft, since arrowhead 
protruded posterior to the spine. As such, the remaining 
shaft-and-point remnant was removed from the left pos-
terior thorax. This was similar to the approach reported 
previously by Chang and Hsee,2 but in our case the bolt 
had pierced the musculature through-and-through, rather 
than stopping within the muscle tissue, requiring surgical 
advancement through a pierced muscle for its removal.

To our knowledge, this patient is the first case of a patient 
surviving a penetrating crossbow injury involving transec-
tion of the spinal cord resulting in permanent neurolog-
ic damage. Additionally, factors that distinguish this case 
from previously published ones include the pathway of the 
arrow that crossed midline and damaged one lobe of the 
lung, but no other mediastinal structures, including the 
great vessels or the heart. Despite the fact that penetrating 
trauma from arrows are rare, our report highlights several 
critical aspects of treating these patients. Surgeons should 
be familiar with the need to have a multi-disciplinary 
approach to repair the affected organs while minimizing 
nerve damage, and utilization of a foreign body in hemo-
dynamic control.

Conclusion
This case report describes a transthoracic crossbow inju-
ry resulting in spinal cord injury. Operative management, 
namely utilizing the foreign body’s capacity to tamponade 
as the surgical team worked to achieve hemostasis, is at 
the crux of the success of this patient’s operation. To our 
knowledge, this is the first case in the literature in which an 
arrow penetrated through the thoracic spine with resultant 
paraplegia in the surviving patient.
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Lessons Learned
In the anterior-to-posterior transthoracic penetrating 
crossbow injury patient, a spinal cord injury must be con-
sidered. Foreign body removal requires careful operative 
planning and a multi-disciplinary approach. As demon-
strated in our case, the utilization of the bolt and shaft of 
the penetrating arrow as a means to temporary tampon-
ade the bleeding in order to achieve hemostasis proximally 
may minimize blood loss.
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